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SOLAR NET METERING INCREASES UTILITY -SUPPLIER PROFIT MARGINS

Richard Flarend
Department of Physics
The Pennsylvania State University, Altoona College
Altoona, PA USA

ABSTRACT

Net metering is an incentive that is essential to most solar INTRODUCTION

photovoltaic systems.
utilities is an issue some regulators have been asked tosaddre

Recently the burden placed upon local

The Energy Policy Act of 20091] requires electric
utilities to offer Net Metering to customers who generate their

This research uses actual 2013 and 2014 solar production datawn electricity. Of the various customsited technologies that

from nearly 200 sites, wholesale electricity ddyead pricing
data, and utilitywide demand datdrhis isall analyzed by the
hour for two full years for a western Pennsylvania basedyutili

can utilize net metering, solar photovadtais the fastest
growing energy technology today with a 30% growth from
2014 to 20152]. Net Metering is critical for a customer to

and an eastern Pennsylvania based utility and their wholesale fully realize the benefits of solar power because it allows a

generators. Results shoelectricity is 15% more valuable

customer to generate excess electricity during the dayn(whe

when solar PV systems are generating power and feeding thethe customer is not home and the solar irradiance is the

grid during good weather conditiotian at night or cloudy
days when salr customers get energy back from the grid.

Solar energy generation is highly predictable in the- day
ahea market, andeads tosuppression in market prices for
electricity. Thus to reveal the true impact of this market
suppression, an increased solanesgable portfolio standard
(RPS) fraction of 0.2 to 10% was simulated. Toésed a

greatest), and to use that energy at night (when the customer
home and the sun is not shining at all). The idea is that the
customerOs meter spins backwards dugiogd solar houts

forward during bad solar hours, and the customer is billed only
for the difference. Without net metering, it would be necessary
to use some type of energy storage system which would
dramatically increase the capital cost and maintenance of ¢

decrease in demand resulting in a corresponding reduction incustomersited energy geeration system.

the price of electricity yielding savings to thaility. The
maximum rate of increase and decrease in titieyuwide load

_In reality, net meters are not usually analog meters that
OspinO but rather digital meters that have two readings. Ol

did not change significantly until the solar RPS exceeded 5%. reading is for the electricity thatould normally spin a meter
Additionally, the demand for electricity was reduced during the forwards, and another reading for the electricity thaituld

highest load hours of the year thadrresponded to the most
expensive hours of the year. The minimum Hasd of the

normally spin a meter backwards.
Pennsylvania has a deregulated electricity market in which

year was decreased substantially for solar RPS of 5% or greatemost customers can choose their supplier of electricity. The

and the base load reaches zero for solar RPS over 10%.

From the data of these two years, it is demonstrated that anfrom power plants or independegénerators.

increased use of solar energy would lead to savingsatteat

supplier in turn purchases the generation of energy directly
Customers do
not have the ability to choose which utility provides the

larger than the loss in revenue due to having fewer traditional distribution of their electricity. Public utilities are governed by

non-solar customers.

Thus electricity suppliers and utilities the Pennsylvania Public Utilities Commission, whereas rural

stand to have both higher profits and higher profit margins electric cooperatives are governed by thaembership and

when customers adopt Aetetered solar energy compared to
the noradoption é solar energy.

municipal electric authorities are governed by locally elected
officials or political appointees The net metering rules for
public utilities are governed by the state Public Utilities
Commission whereas the net metering rules for codpesat
and municipal authorities vary a great deal.

In 2013, PennsylvaniaOs electricity generation was 22(
million MWh [3]. Of this only about 0.1% was satisfied by the
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174 MW of installed solar energi{d]. Data for 2014 is Net load - March 31
essentially the same. W
Some eletric utilities claim [5] net metering places a Sy
burden upon the utility The utility has to accept this OexcessC)g
electricity during the day, and it also has to generate and =
provide the energy at night when the customer wants the energy
Oreturned®. Thalityt must do all this without being paid.
Indeed there is a wide variety in the way that net metering is o

administered by utility companies with some applying the basic

2012

20,000 (actual)

Megawatts

18,000
ramp need

~13,000 MW
inthree hours

concept above to both the generation and distribution portions = o
of a customerOs bill, while others apply the net metering rulee: == e
only to the generation portion of a customerOs bill. In the'™

12am 3am 6am 9am 12pm 3pm 6pm 9pm

extreme case, at least one Pennsylvania municipal utiIity;
charges customers a distribution fee for both the energy .theFigure 1: The Duck Chart as created by the California ISO
Customgr_sg4gene_r§tes and t,h,e energy used from the utility showing the potential over  generation of solar energy and
[6]. This is in addition to requiring the customer to pay the full the subsequent large ramp -up that occurs at sunset.
costs for any upgrades to the distribution system required to Licensed with permission from the California ISO. Any statements,
support the customer generation. conclusions, summaries or other commentaries expressed herein

On the other hand, it is often said that it is beneficial to the do not reflect the opinions or endorsement of the California ISO.
naional power grid to have distributed power generation such
as a customerOs rdop solar[7]. Such distributed power Last updated: 11:14 p.m. EL
generation alleviates electrical transmission congestion and mw
overload of the local distribution system. The Vermont Public 000
Service Depament reviewed many of the studies that assessed
the costs and benefits of distributed s¢&ir

In the California energy market, solar energy supplied
about 5% of all irstate electricity generatiof®]. However
because this is solar energy, it is mmnsistently generated
throughout the year. The California 1ISO has recently released  ° 17 a.m. 12 p.m. 12 a.m.
what they caied the ODuck CurveO (see Ejgto illustrate Wi Foreeae:
some difficulties faced by the electric grid balancing authority =\&foﬁﬁ..vf{-"!’}!ﬁl‘l‘””
in a robust solar markdtl0]. It should le noted that the i ) ) BT

. - L . Figure 2: The predicted and actual wind energy forecast for
parllcular day illustrated by Figl IS not representative of the the PJM region. The prediction is remarkably close to the
entire year and that perhaps it represents the_ wam _ actual production.
scenario ather than the typical scenario because it is a mild

spring weekend day. _ _ assemblinga sufficient amount of real distributed solar data.
It is normal policy for utilites and grid balancing  pata is currently available for the historic hourly wholesale
authorities to estimate how much energy may be needed in ayrice of delivered electricity for every different electrical
future year, day, or even hour and how much solar energy isgypstation in Pennsylvania and the surrounding states. Ther
Iikgly to pe produced- in those future time periods. In the PIM 516 also thousals of customer owned solar PV arrays in the
grid region, the grid balancing authority knows alled same region, many with data monitoring systems already
information about the pitch and orientation of every gied installed and several years of solar production data. This stud:
solar PV system as well as the module and inverter gnayzes these data sets to compare the wholesale price ¢
specifications of these systems. Thus when combined with agjectricity and how much electricity actual solar PV systems are

weather forecast, it is possible to make an accurate predictiongenerating for each hour of the year. Also considered is the
of the solargeneration that will occur the following day. In  yjjity load at each hour of the year.

fact, PIM makes its daily wind energy forecHst] available
publically each day and the forecast for Daber 22, 2015 is METHODS AND DATA
shown in Fig2. . . _ Region And Time Studied

The goal of this research is to determine the actual Two Pennsylvania public utiles were studied
financialimpact to the electric industry from the Net Metering Philadelphia Electric Company (PECO) which servesuaone
of solar energy. Others have calculated the value of solar pjjion customers inPhiladelphia and surrounding areasd
energy due to market suppression[12], but these methods Duquesne Light Company (DUQ) which serves 340,000
usedmodeled data and not real data due tothedifficultly of customers in Pittsburgh and surrounding areas. Data wa:

collected for calendar years 2013 and 2014.

Hour

2,000
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The yearly totals for 2013 and 240 for both utility districts
aregiven in Table 2. Table 3 repeats the analysis of Table 2,
but only includes data from Mardbecember of each year so
that the effects of the extreme winter of 2014 careb®oved.
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Cost Vs. Load
The wholesale daghead cost of electricity (total LMP)
was plotted for each utility region for 2013 and 2014. This data

shows a clear relationship of increasing price that becomes

exponential at very high loads. The ridaship is complicated

to model because there are other factors such as the length of

time spent at a high load that affects the price of electricity.
The relationship is also relatively linear for low loads, but at
high loads, the relationship becomesyeonlinear.

Figure 4 shows the deghead LMP vs. the utility wide
load. Graphs for each utility are remarkably similar despite
being located 250 miles apart.

except for the unusual peak in price for moderate loads thateach hour.

occus in 2014 for both utilities. The cause of this anomaly in

2014 was due to the extreme cold that was experienced in both

January and February.

"0((117(89:5( (b) PECO 2013
&H!"

.
& . o
=1

350
§ 300

.
.
§ 9" T ves %zso é“.
Four oo g0 R -':.. 3
iw“ N ",}'" PO A E 150 > - .;'.
EE 2o CARE 25Ag £ 100 e G
3 3

z

g 50
)
2000

it
Z
F o

"
I s 9%
12345#(/4'%()6"(,*/0(

3000 4000 5000 6000 7000 8000 9000
Utility Wide Load (MW)

(c) buQ 2014 +/$$*678%$9:;<$

5

g

g
e g &= =

“
w3
+

HS06&"S( S+, ). %/S
E =
b

Day-ahead LMP ($/MWh)
(Y
.

e ¢
< V'
. 23 t.l;. . S
200 " >
"

1500 2000 2500 3000 e
Utility Wide Load (MW)

Figure 4: Day -ahead LMP vs. utility -wide load for (a) D UQ
in 2013, (b) PECO in 2013 (c) DUQ in 2014, and (d) PECO in
2014.

(s ue g g s

01234#$.3&$(5"$+)./$

Bin Analysis Of Cost And Load Data

The dayahead LMP was not modeled with a bfiisturve
but rather divided into bins of 100 MW in size. Within each
bin (e.g. 2000 MWD 2099 MW), the number of occurrences,
mean price, and standard error of the mean was obtained fc
that range of loads or ObinO.

Standard deviations, and thus standard error of the mear
require at least two data to be calculated. For any bin which
contained fewer thra2 occurrences, the standard error in the
mean was automatically set to 5% of the mean price. For smal
loads, where this can be relevant to the data analysis, this 5% |
an overestimate of the error. As can be seen in Table 4, th
standard error of thenean tends to be about 1% at low loads.

It is assumed that for amgdjustedioads that aresmaller
than theoriginal lowest load of the year, the mean price,
standard deviation, and standard error of the mean would be th
same as for the lowest hourlyalh that did occur in that year.

Table 4 shows the same data of Figa but with the
addition ofthe bindata that is described below.

Scale Up Of Solar Fraction

To determine the impact that a greater use of solar energ)
would have on the cost vs. loaglationship, the annual amount
of customergenerated solar energy was scaled to 0.2%, 0.5%,
1%, 2%, 5% and 10% of ttennual energy demand within the
utilityOs service district. Thamsing the same utilityvide load

and the new scaledp generation of dar energy, the amount

2013 and 2014 are similar Of energy needed from the various suppliges calculated for

At many times, the increased amount of solal
energy created a substantial drop in the utikitgde load.

Figure 5 shows this effect for July 18, 2013 wittb%
solarfractionin the DUQ utility district. Figure 5is notmeant

The extreme cold weather in the northeast United States oft0 be representative of all days because it is the highest loa

early 2014 had a very clear impact on the priceledtacity as
the price spiked very high even though the load was only

day of the year. Other days show substantially different load
profiles depending on demand and weather. For instigcé

moderate. This represents a high demand for natural gas forshowsdiffering effectsduring mild weather on two clear days

space heating which competed with electricity generation.

with very high solar production. Figure 6a & Friday
(5/3/2013) and Figsb is a Sunday (5/5/2013).
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Figure 8: The greatest (a) 3 -hr ramp -up and (b) 3 -hr ramp - Figure 9: The maximum and minimum loads for the (a)
down in utility -wide load for various levels of solar RPS . DUQ territory and the (b) PECO territory for various level s
of solar RPS .

for each hour. But the data was not available fis: tHlowever

the prices foiseveral different pnodes were analyzed separately Price Difference Between Deposited And Withdrawn

(rural, surburln, urban) and there was no clear difference Electricity And The Effect Of Extreme Cold Weather

between the results. Thus it is likelyat a weighted average In 2013, deposited energy was more valuable than

will yield similar results withdrawn energy by 16% in DUQ and by 15% in PECO (see
It is definitely desirable to know the load profile of a Table 2). But in 2014, the pridadifferential was in the other

typical solar consumer if such a thing exists. It is certainly the direction with withdrawn energy being more valuable by 4% in

case that the typical residential consumer has a different loadDUQ and by 23% in PECO.

profile than the overall utility load profile. Knowing this This is an interesting result for 2014 and can be explained

information would lead to a more accurate measurement of theby a more careful anajs of the data shown in Figb and 4d.

difference between the value of deposited and withdrawn These figureéndicate many hours of very high dapead LMP

electricity. This difference for a particular customer could when the load is not particularly high. Upon inspection, the

change in either direction and it could negate or enhance anyvery high dayahead LMPs occurred not during hot summer

impact caused by extreme cold weather. However as long asafternoons but during January and February, both during-night

all types of customers use solar energy, this effect should time and dagtime hours. Whe these days were compared to

average out from thetilityOs perspective. weather data, these days correspond to the extreme col
Knowing the individual load profile of various solar weather events of 2014 in which record lows were set acros:

customers would not impact the larger resylestaining to thenortheast including Pittsburgh aRthiladelphia

market suppression fromlarger solar RPS. The savings from In the DUQ district (Pittsburgh), there were 20 days in

a larger solar RPS all deal with regional scale issues, so there January and February 2014 in which the total-alagad LMP
would be no change in any of the discussion about the impactwas over $100/MWh at some hour during the day. On each bu
on the maximum load, minimum load, rarap or rampdown oneof these 20 days, record low temperatures were either set ¢
of loads. tied. Ten days within Pittsburgh, nine days in areas arounc
Pittsburgh. In 2013, the total LMP was never over $100/MWh
during winter months for the DUQ district. Not only was the

9 "HE%&'()*+,+-.1/+0%+1234
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day-ahead LMP high on these 20 coletather days, it peaked  consumption with solar energyThe typical solar customer
at nearly three times higher than the most expensive (summer)deposits excess solar generation when wholesale rates tend
day-ahead LMP of 2013. be high. This reduces the need for suppliers to purchase thi
In the PECO district, there were no days in January and power at these higher rates. Then the solar customer withdraw
February 2013 with daghead LMPs over $135/MWh. this energy when the rates tend to be 15% lower. Energy
Whereas in 2014, there were 22 days with prices over this suppliersthen have to purchase this energy to be returned to the
amount, and one day with a price over $1000/MWh. solar customers per the terms of net metering, but because th
In the state of Pennsylvania in generdlere were 280 energy is priced 15% less than when the supplier would
daily record low temperatures set or tied in January and otherwise have had to purchase energy, the supplier reduce
February 2014. The average number of record low their expenses anddreases their profit and profit margins.
temperatures set or tied in Pennsylvania for January and This 15% price differential multigd by the 10,000
February of the previous 25 years was 34 per.yeRerhaps kWh/yr and an average wholesale generation charge of 4
marking amoreclea distinction between 2013 and 2014 is that cents/kWh equates to $60/year for each 9000 W solar PV
there were only 2 record low temperatures set in January andsystem (which would likely generate 10,000 kWh/yrThis

February of 2013. So not only was 2014 a very cold wibtgr, may not appear to be much, but it is certainly the opposite from
2013 by comparison was a warm winfer]. what is being proposed hytilities who are pursuing monthly
When January and February data are remdeedboth surcharges for solar custom§ts].

2013 and 2014, the price difference between the deposited The unusual results in extremely cold weather are likely
energy and the withdrawn energy is remarkably similar for due to competition for natural gas resour¢#9] between
2013 and 2014. The deposited energy in 2013 was 15% morepowe plants and direct space heatingrhis competition is
than the withdrawn energy and 16% more in 2014 as shown inenhanced because the Pennsylvania mix of power plants i
Table 3 for DW. For PECO, the deposited energy was 17% evolving from mainly coal powered to mainly natural gas
more than the withdrawn energy in 2013, and in 2014 it was powered. Fortunately, this competition seems tdirhied to
12% more. only periods of extended extremely cold weather, more than
This analysis was based on a fictitious solar customer who just one cold dayAlso, in the long term, this effect may vanish
has a photovoltaic system that produces exactly the samewith greater natural gas storage and pipeline capacity.
amount of energy that theustomer uses on an annual basis It is worth commenting that while not a subject of this
which is quite unusual for Pennsylvania. This is unlikely for a paper February 2015 was the coldest winter on record for
residential consumer because most-siary homes (such as  Pennsylvania with a whopping 323 record low temperatures set
those most common in Pennsylvania) do not have dacthg As a result the electricity prices for 2015 also spiked very high
roof space to host a PV system large ugip to meet the just like in 2014. The switch from coal to natural gas is going
homeOs annual consumption. This is aggravated by the fact thab contirue and only increase the competition for natural gas in
most solar systems in Pennsylvania were constructed under thahe future. Thus if extremely cold weather becomes a regula
PA-Sunshine incentive program which capped residential occurrence in the northeast, this wintiene peak in LMP may
systems at 10 kW. become normal. Or conversely, climate change may make
So it is more likely that the typical o customer may extreme winters leskkely and instead increase the likelihood
have a netzero metered system from April to sometime in late of warm winters making the results of 2013 more common.
fall or early winter. Then this typical customer is billed for
electric consumption during the winter months of January, Simulated Increased Solar Fraction
February, and M&h (when cold). In this case Tablevéhich Day-ahead LMP prices are bid upon after the balancing
considers only MarciDecember would be the correct time  authority has made its prediction for the next dayOs electricity
frame to use although the numerical analysis would change demand. Furthermore the balancing authority (PJM) also use:
slightly. There is still another issue in the finer details of this the predicted weather and details about the existing solai
analysis No fictitious user would actually have a daily load generation capability to make this prediction. Because of these
prdfile that matches that of the utility wide load profile. Thus, predictions, settlement prices for the eé#yad LMP market
depending on the actual load profile of any individual solar have alreadyeen adjusted to account for the solar generation
customer, the electric industry may benefit a great deal more orthat will occur. This inherent adjustment masks the true value
less than the average 15% given in table 3. But assuming thabof solar energy. That is, on a hot summer day when the price
all customer classes are equally likely to adopt solar energy, would otherwise be very high, the price is inherently lower
then 15% should be a good approximation for the average because all involved parties know that solar energy will be
benefit that the etdric industry receives from allustomers there reducing the demand for energy regardless of the bid:

who use nemetered solar energy. made by the various power producers.
This is an important result, becauseshows that the One way to determine by how much solar energy depresse
electric industry BENEFITS financially from the mmtetering wholesale dayahead LMP prices is to scale up the amount of

of solar energy provided that winter temperatuare not too solar energy generated and to keep the LMP cost at a giver
low or that most customers do not meet 100% of their annual load the same as if there was no increased solar. Figure
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shows how an increased amount of solar energy (5% of all they are losing customer base. Their profit margins, which are
energy consumed which is about 50x more solar than is based on gross revenues, will increase an even larger amour
presently generated in Pesyfvania) changes the utiliyide about 15%. This represents something close to a doubling o
load profile on July 18, 2013 such that less electricity must be even tripling of the profit margin of many energy suppglier
generated to meet demand. Table 4 shows the average 2013ssuming their profit margins are already in the 5% range.
day-ahead LMP prices for loads that fall into each load bin. Some of this will get passed along to consumers resulting in
Assuming these prices remain fixedrfa given load, then lower energy prices for all.

because less energy will be required to be generated, wholesale This means that solar energy not only benefits the
prices will fall accordingly. The effect of this reduced amount customer who paid for the solar energy and thusredsced

of required electric generation are shown in Table 4 for the their amount of purchased energy, solar energy also benefit
entire year. Figure 7 gives the expecterteet savings for the nonsolar customers because it lowers their price to purchase
various suppliers and utilities to purchase electricity for their generated electricity. This result also supports the social value
customers in both years and both territories, and for various of solar energy incentives. The financial incentive may go to
solar RPS from 0.2% (twice 2013 amount of distributed solar) only the customers choosing to Ogo solarQ, but the resultit
to 10% (100x as much distributed solar as3)01 financial savings will be experienced by all of society.

Pennsylvania has a mandatexhewable energy portfolio  Solar Energy Reduces The Annual Maximum Demand
standard (RPS) which includes a specific carve out for solar For Electricity From Traditional Generators
energy. The solar RPS is required to reach 0.5% by 2020. This  In addition to lowering the generatiowsts of electricity,
was an amount that was simulated in the study. From Fig. 7 itsolar energy has other beneficial impacts on the electric
can beseen that a 0.5% solar RPS results in a 1% savings to theindustry. Solar energy reduces the annual maximum doad
utilities and energy suppliers. But at this low level of savings the electric grid (see Fid) which means that fewer old and
the uncertainty in the savings is large, thus most of the inefficient power plants will be called into service days of

discussion in this study is based upon a 5% solar. RRS% high demand. Solar energy also lowers the frequency of higt
solar RPS radts in a level of savings which is more clearly demand hours which means that the maintenance of these oldt
defined even when the uncertainty is considered. and infrequently used units is less stressed.

Furthermore, the solar RPS in Pennsylvaniansnaged These are also the units that tend to be the most polluting

using the solar renewable energy credit (SREC) market. because pollutiortontrol measures are often not economical
Pennsylvania is one of the few states thétwad SRECs to be for units that are rarely called into service. Thus solar energy
counted toward the solar RPS even when the solar energy iswill have a disproportionately high reduction in the emissions
generated out of stateAs of the writing of this paper, there  from fossil fuel generators.
was more solar energy installed in North Carolina meeting the
Pennsylvania RPS than that installed inigtvania. Solar Energy And The (Duck Chart O

This studyassumes thatolar energy is generated not only There are two maigoncerns that are discussed in relation
in the same state, but within the same utility district. Thus the to the Duck Charbf Fig. 1. The first is that the-Br rampup
savings that are indicated by this research are not necessarilyjand rampdown of generation will be increased. For the
achieved under the market conditions required by the currentregions investigated in this research, the amount of solal

PA RPS/SREC program. generation can be increased 50 falMthout seeing any
significant affect on the magnitude cEmpup or rampdown

Solar Energy Increases Profits And Profit Margins For (see Fig8). With a 10% solar RPS (a 100x increase in solar),

Energy Suppliers the magnitude of the largesthi® rampup is increased by about

The results ofig. 7 clearly indicate that for all increased 25%. With a 10% solar RPS, tha&rgest3-hr rampdown is
levels of solar generation considered, there is a substantialapproximately doubled.
financial savings to be realized byetlelectric industry due to The more significant impact is that the minimum load on
the lowering of wholesale deghead LMP prices. Solar energy the grid decreases substantially. Assuming that the daily loac
lowers demand for electricity when prices tend to be high and profile does not change, the minimum load is reduced to zerc
thus by lowering this demand at a time when prices are very when solar accounts for 12% of all elecityf generation on an
sensitive to demand a substantial impacthenwholesale price annual basis. This would then imply that there would be no
for all energy is to be made. It is possible that by having only baseload generators (nuclear or coal) with solar fractions over
5% of all customers using solar energy, the price of electricity 10%. However this does not happen on a regular basis. Thi
for the remaining 95% of customers can be reduced1y9%8. would only happen on a migmperature very suny

Interestingly, with a 5% solar RPS, the pligxs of WEEKEND (see Fig.6). This is certainly not a typical
electricity will lose 5% of their customer base and thus also 5% occurrence, and in fact it is even predictable days in advance.
of their gross revenues. But at the same time, they will save 8 Additionally a 10% solar RPS in Pennsylvania is a long
10% of their expenses to purchase electricity. Thus the actualway off. By the end of 2013 there was 180 MW of installed
profits of these suppliers will increase at the sdime that solar in Pennsylv@a and this increased to 190 MW by the end
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of 2014 which accounted for about 0.1% of all electricity discussed here do apply to public utilities servicing these

generation. Thus at this rate of growth, it would take 2000 customers.

years to reach a solar fraction of 10%. Even if the growth rate On the other hand, as with anytbinn life, there are

of solar energy in Pennsylvania were to increase by 50% eachwinners and losers. Independent generators are clearly th

year (a seemingly impossible scenario to sustain), it would still losers with solar energy. They will lose market share as well as

take over 15 years to reach this point. the ability to charge higher rates during times of high demand.
Even if the rate of growth of solar energy in Pennsylvania Many older and less efficient plants will betired. Eventually,

were to increase by 50% each year for a decade, then solawith much higher solar fractions, some modern and efficient

energy would still only account for 1% of all energy generated. generation facilities will be called into service less frequently.

At this level, solar energy would still not decrease the minimum Thus this lost market share will adversely impact independent

baseload generation. The effects on the minimum Head generators. However, this is the nature coimpetition E
begin to appear with solar fractions greater than 2%, and of Independent generators using fossil fuels will slowly be
couse that is only on mild temperature, sunny, weekends. replaced by either distributed custormevned solar energy or

At these higher solar fractions (2% and higher), the by independent generators using utilityale solar energy.
days and hours of minimum demand change as do the days and From a consumer perspective, the most interesting aspec
hours of the traditional maximum peak demand. This of this research is that solar energy benefits everyone. |
illustrates the need for loAgrm planning to change the certainly benefits the customer who choses to own the solal
traditional peak/offpeak rate structure, use of timed appliances, directly, but it also benefits other customers who do not adopt
and other peakhaving policies to adapt to the changing load solar energy because it makes their electricity less expensive t

patternghat will occurwith a high solar RPS. purchase on the wholesale market.
While the results of this research are known to apply only
CONCLUSION to the two utility areas, DUQ and PECO, in Pennsylvania, it

Despite the many publically reported conceahsut solar most likely applies to all of Pennsylvania. These methods
energy creating a burden on the electric industry, this researchshould now be applied to other regions of the natspecially
shows that solar energy provides a substantial and tangibleto regions where industry has been successful in creating nev
benefit to the electric industry and to society. Solar energy policies that adversely impact solar energy to see if these nev
increases the profit margins of independent supplierd a policies are based on fact or hyperbole.
utilities. In most cases, it is expected that competition will shift This research also indicates that in order to have a sola
these financial savings along to the customers in the form of RPS of 10% or grater, substantial investment should be made
either rate decreases or the reduction of otherwise higher ratefor large scale energy storage. With energy storage, furthel
increases. Solar energy will also help electric geneyaim reductions in the peak load can be made while keeping the
meet the new pollution standards proposed by the Clean Poweminimum load high enough to support base power
Plan of 2015 while at the same time maintaining or even infrastructure. The cost of this energyrage could even come

reducing the costs to consumers. from the savings that are obtained from higher solar RPS a:
Not all parts of the electric industry are equally affected. described in this work.
In Pennsylvania, the industry can Bwided into at least the This research is limited to only analyzing the generation of

following categories:  public utilities, municipal utilities, electricity.  Similar methods should be applied to the
cooperative utilities, independent suppliers, and independentdistribution of energy to see whéhancial impact solar may
generators. make on the distribution of energy.

Of these, the municipal utilities, cooperative utilities, and
independent suppliers are thaes that stand to gain the most DEFINITIONS
from the financial impact presented in this research. These Deposited energy/electricity This is the solar generated
three types of entities are the ones that purchase power on thelectricity that is in excess of what a solar customer needs on
wholesale market at variable rates anchthesellto customers site at the moment of generation. This electricity back feed
at mostly fixed rates. Some dfdse entities could even boost the meter and the grid, turning analog meters backwards, an
the savings that are discussed here by changing their incentivesgenerating a credit to be used at some time in the future by thi
or lack there of, for solar energy in an effort to increase the solar customer.
growth rate of solar energy within their particular territories. Withdrawn energy/electricity: This is the nossolar

Public Utilities will have smewhat less financial gain.  electricity that a solar customer needs at tighe, or
Ideally, most public utility customers in Pennsylvania have whenever the customerOs actual use of energy exceeds t
selected an independent supplier for their electricity and thus amount being generated at that moment. This electricity will
there is no financial gain for the public utility in relation to the run the meter forward as usual. If the solar customer does nc
data presented here. However, réhare still a considerable  have enough banked kWh, then this energy is paid for just like
number of customers who chose to receive generation via thea normal bill would be paid.
public utilityOs default service plan. The financial savings Directly used energy/electricity  This is the solar

generated electricity that is used by the customer at the sam
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moment it was generated.
through the meter in either direction and is conghet
independent of the electrical grid.
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